AREA DIFFERENCES IN PREVALENCE OF NEURAL TUBE MALFORMATIONS IN SOUTH WALES
A STUDY OF POSSIBLE DEMOGRAPH1C DETERMINANTS I. D. G. RICHARDS,* C. J. ROBERTS, AND S. LLOYD
In England and Wales as a whole the frequency of neural tube malformations is highest in the north and north-west, and lowest in the east, south-east, and south (Rogers, 1969) . Differences have also been reported in the regional frequency of anencephalus, spina bifida, and hydrocephalus in Scotland (Edwards, 1958) , and Hewitt (1963) found that the mortality attributed to spina bifida was two to three times greater on the Atlantic than on the Pacific coasts in both Canada and the U.S.A. (in the latter among the white population only).
While the significance of differences from country to country may be difficult to interpret, the presence of regional differences within a country and, more particularly, area differences within a region are strong indicators of environmental influence. Marked local variation in the prevalence of neural tube malformations in South Wales was first reported by Laurence, Carter, and David (1968) 102,786. Laurence et al. (1968) examined possible geographical and climatic factors but none was thought to be related to the local variation in malformation prevalence.
More recently, Lowe, Roberts, and Lloyd (1971) and Richards (1971) confirmed the presence of significant area differences in a large study covering the whole of South Wales. Lowe et al. found that the mean annual prevalence of these defects in 48 local authority areas was negatively correlated with estimates of the mean total hardness of the related water supplies but concluded that this relationship may well be secondary. In the present paper, we examine other possible determinants of the striking area differences in malformation rates within South Wales. , but the interpretation of this I. D. G. RICHARDS, C. J. ROBERTS, AND S. LLOYD observation is difficult. Because the birth populations at the two ends of the range were small (i.e. less than one thousand births for the three years of the study), the differences recorded could be due to a smallnumber effect. Furthermore, the number of malformed births within many local authority areas was often so small that the year-to-year consistency of rates within any one area could not be examined. The observation that the highest rates for all categories were in the mining valleys supports the earlier findings of Laurence et al. (1968) but, in our data, we found no evidence of a west/east gradient of rising prevalence for any category of neural tube malformation. DIScUSSION Before formulating aetiological hypotheses to explain the association between area of birth and the prevalence of neural tube malformations, it is necessary to examine the possible influence of certain demographic factors.
METHODS
FIGURE-Sketch map of regional subdivisions of study area. Shading indicates prevalence of total neural ttube malformations.
By the end of the last century South Wales was heavily industrialized; the valleys in particular became completely built up and densely populated. However, the industrial depression which began after the first world war, together with the collapse of the coal trade and other heavy industries in the late 1920s and early 1930s, led to mass unemployment which was followed by both rural depopulation and migration away from the urban centres of Glamorgan and Monmouthshire. In spite of some revival of heavy industry and coal mining since the second world war, the past decade has seen the closure of yet more pits in South Wales, and the population drift from the coaffields has continued unabated. Since the nineteenth century Cardiff has grown from a small market town to a large city with its own range of industries, and this has been accompanied by the rapid expansion of the other South Wales seaports-Newport, Penarth, Barry, and Swansea. Population movements such as these are bound to have influenced the demography of the study area.
The distribution of certain demographic features within the sample is shown in Table III (Table III) ; the proportion of births to parents, both of whom were Welsh, ranged from 4-2% in Newport to 22-6% in Glamorgan West Valleys. Table V shows the incidence of each malformation category by Welshness of parental surnames. For anencephalus, the incidence in 'both Welsh' births was higher than in 'one Welsh' or 'neither Welsh'. A less clear trend was seen in spina bifida, although 'both Welsh' parents had the highest rate. There was no consistent trend in hydrocephalus. For all major central nervous system malformations combined there was a decreasing trend from 'both Welsh' to 'neither Welsh'. In none of the defects individually, nor in all combined, was the prevalence in the 'both Welsh' group significantly different from the 'neither Welsh' group, and it may be concluded that geographical variations in prevalence are unlikely to be influenced appreciably by ethnic group differences in so far as these are related to the Welshness of surnames.
MIGRATION
One important feature of the South Wales population is that a large amount of migration, both into and out of the area, has taken place over at least two centuries. While large-scale migration from an area is often associated with poor socio-economic condi- 
0-90 (82) 0-026 ns Total tions and industrial depression, there is some evidence to suggest that migration is selective, e.g., it tends to involve those of greater than average physique. Cochrane and Higgins (1961) , in a study on pulmonary ventilatory function of coal miners, quote evidence to suggest that emigrants from the Rhondda valleys (since 1920) were taller and heavier than those who remained behind. Macdonald (1963) has suggested that selective migration may have an adverse effect on stillbirth and neonatal rates, presumably by dilution of the quality of the residual genetic pool.
The population changes in the study area for the years 1931 to 1961 were calculated using census data and the Annual Reports of the Registrar General. The effects of migration were greatest in the 'Rest of Monmouthshire' and in the east and west mining valleys of Glamorgan (Table D) . The rank order correlation coefficient between area malformation prevalence and population loss from migration was not statistically significant. Although it is reasonable to assume that migration of the magnitude experienced by the Valleys of Glamorgan and the 'Rest of Monmouthshire' had an effect on the genetic composition of those areas, these results do not support the hypothesis that high malformation prevalence in the grouped areas derives from a dilution of the quality of the genetic pool due to migration.
These findings, considered alongside the absence of an association between grouped area prevalence and ethnic origin, social class, parity, or maternal age, suggests that the factors principally responsible for the area differences in neural tube malformation prevalence in South Wales, though still unknown, may well be external environmental characteristics associated with the nature of the area itself, such as the softness of local water supplies , rather than personal environmental factors associated with the population of that area, such as diet, occupation, recreational activities, and religion. SUMMARY Marked area differences were found in the prevalence of neural tube defects among 90,921 singleton births in South Wales between 1964 and 1966. These areas differ in their social class, parity, maternal age, and ethnic composition. Also a large amount of migration both into and out of the region has taken place over the last two centuries. We could find no evidence that any of these demographic features were associated with differences in area prevalence.
It is suggested that these findings add some support to the view that the factors principally responsible for the area differences in neural tube malformation prevalence in South Wales, though still unknown, may well be external environmental characteristics associated with the nature of the area itself, such as the softness of local water supplies , rather than personal environmental factors associated with the population of that area, such as diet, occupation, recreational activities, and religion.
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